The availability of Magellan radar images of Venus on CDROM allows small research groups to engage in planetary physics projects using simple image processing systems. The material lends itself to short projects for high school students or Masters students.
The Aims of the Project
Many of the features observed on Venus are novel and appear unique to Venus. Since receiving the first CDROM in 1991, we have concentrated on identifying classes of structure which are directly comparable to terrestrial structures. We are currently studying the morphology of the following features:
(a) Crater and cone fields Symmetrical volcanic cones are found in a variety of situations on Venus. Such features have also been described as "small domes" by Aubele and Slyuta (1990) . In many cases they are associated with lava plains and large scale flow structures. These appear similar to the San Fransisco/ Navajo volcanics where some 175-200 individual cones have developed in the past 6Ma. Smaller cone fields are found associated with the summits of shield volcanoes and appear broadly similar to those found on Mauna Kea [Hawaii] .
Using well tried analysis techniques we have begun a comparison of these cone fields with their terrestrial counterparts through studies involving:
• The distribution of cones and a comparison with underlying fault structures and graben. Such a study will use nearest neighbour techniques and rose diagrams to study the distributions.
• The assessment of the volume of material in each cone and lavas.
• The preparation of structural maps of flow units, identifying the age sequence. Figure 1 shows a cone field on the flanks of Sif Mons. In this image smooth surfaces appear bright, while rougher surfaces appear dark. The lava flows associated with the complex cover a roughly circular area with a diameter of about 420 km. The main flow direction appears to be towards the west. To the SW the thin flows apparently overly the smooth, original, tessellated lavas. The cone density increases somewhat toward the centre of the region with cone diameters ranging from 2 km to 15 km. The distribution is somewhat elongated along a north-south axis, paralleling the major faulting which cuts through the central regions of the complex. There appear to be no chains of cones aligned with the main fault structures. There is a sharp cutoff in the cone distribution to the east.
The complex resembles a low shield volcano, on the flanks of Sif Mons. There are no clear rift features associated with the volcanics, although there is evidence of subsequent faulting. The major flow structures to the west appear to result from an underlying bowl-shaped topography opening in that direction. trial lava tubes, but on a larger scale (Figure 2 ). Our initial study shows that these structures are generally associated with the upper slopes of volcanics and generally run down the slope. There appears to be a sequence of drainage features ranging from • lines of small collapse/pit craters or maar which parallel faults • connected scalloped craterlike features • windowed lava tubes • wide graben-like features running down slope In many cases a clear development from maar to graben is observed as one proceeds down slope. It is suggested that these features are the result of surface collapse after sub surface magma has withdrawn or flowed away. The possibility of explosive venting seems less likely considering the probable lack of surface and subsurface water.
One of the aims of this project is to compare such features with those on the Moon, Earth and Mars through measurement of their width, linearity, etc. Comparison of the variation of structure with the slope of the volcano may allow us to discuss the viscosity etc of the lava.
In this paper a lava channel is loosely referred to as any 'channel' or 'course' either on or below the surface which facilitates or has facilitated the flow of lava. There appear to be three types of structures directly related to the transfer of lava:
Crater Chains: These consist of chains of individual craters varying from 120 metres (the limit of resolution) to over a kilometre in diameter. The length of the chains are on average 20 kilometres but range from a few kilometres to 100 kilometres in length. Virtually all chains are perfectly straight and run parallel to the slopes and to other chains in their vicinity. They appear common on slopes associated with shield volcanics. The size of the craters grade from large to small as they proceed down slope .
Open Channels: These are long exposed channels which appear deep at their upper ends and merge with their surroundings at the lower. The average length of such a channel is 50km but some are over 200km in length. Many channels interconnect.
Typical widths, which vary along their length, are from 1 to 6km. Like the crater chains, they appear to widen closer to the summit of a slope.
The channels often have scalloped sides and run parallel to nearby crater chains and fault structures. Many have smooth edges and appear to be well worn, while others have a freshly formed appearance as evidenced by their sharp contours. A large percentage have dark floors indicating a smooth surface within. Open channels may be the Venusian counterpart of lunar rilles.
Indentations: These appear as long furrows which are normally closed at both ends. Although the most obvious features are long and narrow, shorter oval ones are not uncommon. Their lengths range from 2km to over 100km. Their widths are typically 2km although a few exceed 10km. The existence of radar shadowing indicates that many are deep. Sharp edges indicate some may be quite young and have suffered little gravitational slumping. Many appear to have been flooded with lava after their formation.
Indentations are as common as the crater chains but less common than open channels. Some do not seem to be associated with any visible volcanic activity.
Analysis
The observed features appear to be related to sub surface drainage of lava. This drainage may occur at depth and be controlled by fault structures, producing chains of pit craters as observed on the Kilauea rift zone in Hawaii. Alternatively surface contours may control the flow producing hollow lava tubes close to the surface. These lava tubes may then collapse leaving isolated oval windows or longer indentations as observed in some Queensland lava tubes ( Stephenson and Griffin 1976) . Some of the larger craters may represent collapses across the full width of the tube, whereas the smaller ones may be only partial collapses forming small windows in the tube roof.
The observed relation between the diameter of the features and altitude may result either from sub surface drainage or carrying a larger volume of lava close to the source resulting in a larger collapse feature.
Formation through explosive gas venting, while possible close to the source of magma are unlikely at any distance. This would need the lava to come into contact with a fluid such as water which is not thought to exist near the planet's surface.
The open channels, crater chains and indentations have also undergone variable degradation due to their different ages which further complicate their study. This degradation may be due to gravitational slumping or chemical weathering.
Lava channels on Venus appear to be unique in their own right but have many features which have terrestrial and lunar counterparts. The features vary in scale from that similar to terrestrial lava tubes through to the scale of the much larger lunar rilles.
3: Impact craters
There are many large impact craters visible on the Magellan images. The diameters of these craters range from a few km to several hundred km. In most cases they are associated with an ejecta blanket which is lobate. This indicates that the ejecta has floated on some form of fluidised bed eg. a ground effect layer or vapourisation of ground fluids. The larger craters show the typical central rebound peak of impact structures and flat floors due to impact melting. Almost all craters are associated with secondary flow structures outside the crater rim. These appear similar to lava flows indicating that secondary volcanism may have been triggered by the impacts.
In the case of the largest impact structures, interesting flow structures may be observed within the crater itself. Figure 3 shows the concentric and radial patterns observed in the floor of a 150 km diameter crater. These appear similar to the pattern seen in convective cells in highly viscous fluids like bitumen. Could this impact have triggered a small shortlived convective plume?
A , 1Q0kT , Perhaps the most surprising effect is the dark aureoles which surround most impact sites. These are thought to be due to a blast wave sweeping the surrounding terrain smooth immediately prior to impact. The footprint associated with these impacts may be as large as 100km by 500 km. This footprint often contains several impact craters, resulting from the incoming meteor breaking up in the atmosphere (figure 4). The geometry of the aureole can be used to estimate the direction and inclination of the incoming meteor. Some of the trails indicate grazing impacts at angles of less than 15° have formed craters with diameters less than 10 km. This is unexpected as simple mechanical considerations predict only large bodies will survive to reach the surface in such grazing impacts (Ivanov 1990) .
The aims of this project are to • categorise impacts structures according to diameter, presence of central peaks, multiple rims etc.
• estimate the inclination and direction of the paths of the impacting meteorites from their footprints and shape of the ejecta blanket.
• study the frequency of secondary volcanism associated with the impacts • produce structural maps and identify age sequence of impacts, volcanics and underlying fault structures.
• model the impacts using simple laboratory simulations and computer models.
